Abstract: State-owned forestry enterprises (SOFEs) play an important role in the forestry economy in China. Understanding the eco-efficiency of their production is beneficial for the development of sustainable forestry and for achieving Goal 8 of the United Nations' Sustainable Development Goals (SDGs): Decent Work and Economic Growth. This paper assesses SOFEs' overall eco-efficiency by analyzing various undesirable outputs using the Slacks-Based Measure of efficiency in Data Envelopment Analysis (SBM-DEA) model. Using basic data from 87 SOFEs in Northeast China from 2003 to 2016, this paper evaluated the eco-efficiency development level and spatial patterns of that region. The results show that SOFEs' low eco-efficiency was caused by low pure-technical efficiency. Regional differences in eco-efficiency were very significant and became larger, but a market-oriented reform might help to improve such efficiency. The eco-efficiency of SOFEs was in decline from 2003 to 2016 due to the implementation of the Natural Forest Protection Project (NFPP). However, due to a relative lack of production factor inputs, most SOFEs' scale returns are now increasing. In the future, efforts should be made to promote market-oriented reforms and take the path of large-scale development.
Introduction
In 2015, the UN resolution, "Transforming our World: The 2030 Agenda for Sustainable Development" provided 17 Sustainable Development Goals (SDGs) [1] . Goal 8 (Decent Work and Economic Growth) means that higher levels of productivity are achievable through technological upgrades paired with smart policies. Sustainable development is a process which not only meets the needs of present-day people, but also meets the needs of generations to come. The essential features of sustainable development are resource conservation, pollution reduction, and output increases [2, 3] . Eco-efficiency is an indicator of efficiency which includes and considers both economic development and environmental protection. Increasing eco-efficiency means saving resources, reducing pollution, and increasing output; therefore, improving eco-efficiency means promoting sustainable development, which is beneficial for achieving SDG 8.
Over the past decade, tremendous developmental achievements have been made in China's forestry industry. According to the China Forestry Statistical Yearbook, the real total output value of the 
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Past research regarding the evaluation of forestry production efficiency studied forestry-related industries and forestry enterprises and divided the analysis of production efficiency into economic efficiency and eco-efficiency. The forestry efficiency research methods chosen by scholars included Data Envelopment Analysis (DEA), Stochastic Frontier Analysis (SFA), and the Efficiency or Productivity Index. Managi [10] adopted the 'Luenberger productivity indicators' based on DEA (Luenberger-DEA) to calculate the total factor productivity (TFP) index of Japan's forestry industry from 1975 to 2000. The results of their research indicated that the average annual growth rate of TFP was 6.4%. Chen et al. [11] employed the 'Malmquist Productivity Index-based DEA' (Malmquist-DEA) to measure the TFP of the Chinese forestry industry from 1995 to 2011 and found that the average annual growth rate of TFP was 4.8%. Chen et al. [8] used SFA to calculate the technical efficiency of China's forestry industry. The results of their analysis indicated that the average technical efficiency of forestry in China changed from 0.3 in 1998 to 0.7 in 2014. Jiang et al. [12] employed the Malmquist-DEA to measure the TFP of the Chinese forestry industry from 2004 to 2014 and found that there was a certain degree of fluctuation in China's forestry TFP, but that such TFP held up to growth on the whole. In support of this relationship between TFP and growth, Helvoigt et al. [13] employed SFA to measure TFP growth in the sawmilling industry of the USA's Pacific Northwest from 1968 to 2002, their results showing that due to accelerating technical progress, TFP growth was strong over the sample period. Xiong et al. [14] used SFA to calculate the technical efficiency of forestry activities in Northwest China. Their results showed that from 2005 to 2015, the technical efficiency of forestry in the six Northern provinces declined. Finally, using an Efficiency Index or Productivity Index not based on the DEA or SFA, Ahn et al. [15] employed the chain-type Fisher index to measure the TFP growth of the USA's sawmill and planing mill industry from 1947 to 2000. Their research showed that the TFP growth had increased by 43% over the past 50 years. Zhang et al. [16] used the Tornqvist-Theil index to analyze TFP growth in the sawmill and wood preservation industries of Canada and the USA. The results of their research indicated that the TFP of the two countries grew at an average annual compound rate of 1.11% and 0.61% respectively, between 1958 and 2003. Ghebremichael et al. [17] employed a translog multilateral index number model to measure the TFP of the Canadian sawmilling industry from 1961 to 2000. They found that without tax incentives, the average annual growth rate of the TFP was 2%. This research paid attention to desirable outputs, but overlooked undesirable outputs, such as environmental pollution.
Regarding eco-efficiency research in the forestry industry, the methods chosen by scholars primarily include the eco-efficiency ratio, DEA, and distance function. Thant et al. [18] used the eco-efficiency ratio to assess the eco-efficiency of the pulp and paper industry in Myanmar. The assessment results indicated that eco-efficiency decreased between 2002 and 2004, but increased in 2005. Hseu et al. [19] employed the Malmquist-DEA approach to calculate the TFP of the pulp and paper industry in OECD countries over the period 1991-2000, finding that the TFP growth of the countries therein ranged from 0.9% in Switzerland to 2.4% in Japan. Yu et al. [20] used the SBM-DEA model and Malmquist-Luenberger index to assess the eco-efficiency of China's pulp and paper industry at the national and provincial levels. Their results showed that the industry's productivity was dominated by high growth efficiency between 2010 and 2013. Chen et al. [2] used the DEA model and the Malmquist index to measure forestry ecological efficiency and productivity in China from 2004 to 2013; they found the Chinese forestry eco-efficiency average to be 0.912, compared with the average TFP index of 1.307. Zheng et al. [3] chose the DEA model to calculate the eco-efficiency of 15 Chinese provincial forestry industries from 2004 to 2013. The results showed that secondary industry eco-efficiency was not high but on the rise. Finally, Hailu [21] used an input distance function to measure the technical efficiency and TFP of the regional Canadian pulp and paper industries. They found that from 1970 to 1993, the annual average technical efficiency was 0.86 and the average annual TFP growth rate was −0.26%.
For purposes of researching the production efficiency of forestry enterprises, the DEA was frequently chosen by scholars. Liu et al. [22] sample period, the average technical improvement rate increased by 19.9% and thus increased the TFP by 19.8%. In the above literature, the input indicators were, for the most part, capital investment, fixed investment funds, and the number of on-the-job workers, whereas output indicators were the main product's sales revenue and output.
When researching the eco-efficiency of forestry enterprises, scholars used the eco-efficiency ratio, DEA, and Efficiency or Productivity Index. Helminen et al. [24] used the economic/environmental ratio method to measure the eco-efficiency of pulp, paper, and board mills in Finland and Sweden from 1993 to 1996, finding that the Swedish mills were more eco-efficient than the Finnish ones. In 2001, Hua et al. [25] used a DEA approach to evaluate the eco-efficiency of 32 paper mills along the Huai River in China, finding that there was a considerable difference in eco-efficiency when undesirable outputs were considered, compared to when they were not. Koskela et al. [26] produced a comprehensive definition of eco-efficiency and proposed a conceptual framework concerning the relationship between the environmental and economic performance areas of enterprises. They argued that eco-efficiency could be regarded as either environmental performance or as one business strategy for sustainable development. Zhang et al. [27] used DEA to assess eco-efficiency in four forestry administrations in Heilongjiang province in 2011. The results showed that the eco-efficiency of Mudanjiang and Yichun was equal to 1, whereas for Hejiang and Songhuajiang it was less than 1. Finally, regarding the Efficiency Index or Productivity Index, Koskela [28] employed the Delphi method to identify the indicators of eco-efficiency among forest companies in Finland. The scholar argued that the economic performance of eco-efficiency should be measured using the 'value added' indicator; in environmental performance, however, they preferred using environmental impact or emissions groups.
To date, although there has been significant research into forestry production efficiency and the production efficiency of SOFEs, very few studies have focused on the eco-efficiency of SOFEs. This latter focus is of increasing importance, given that it is to form the basis for designing policies aimed at increasing such efficiency in SOFEs and promoting sustainable development in the forestry industry as a whole. This paper uses the SBM-DEA model to assess the eco-efficiency of 87 SOFEs from 2003 to 2016 by considering both desirable and undesirable outputs.
Methodology and Data

The SBM-DEA Model
In order to measure the technical efficiency of the decision-making unit (DMU) using multiple inputs and outputs, traditional DEA models such as the Charnes-Cooper-Rhodes (CCR) and Banker-Charnes-Cooper (BCC) were created in the 1970s and 80s [29, 30] . However, the CCR and BCC models had a hard time dealing with slack variables and undesirable outputs. In 2001, a slacks-based measure (SBM) of DEA was proposed by Tone. After it (the SBM-DEA model) was developed, Tone revised and refined it [31, 32] . Presently, the SBM-DEA model, which can consider undesirable outputs, is able to deal with the above two problems. It includes input-, output-, and non-oriented model forms. With a fixed quantity of resources, SOFEs can devote themselves to producing as much output as possible; therefore, an output-oriented model form is the most appropriate for measuring it. The next step was then to construct an output-oriented SBM-DEA model that could consider undesirable outputs. This paper views SOFEs as DMUs. Each DMU uses M different inputs to produce N desirable and J undesirable outputs. The following model illustrates this:
The eco-efficiency of SOFEs is represented by ρ, ρ ∈ [0,1], and ρ = 1 indicates that the SOFE is completely efficient. The indices for inputs, desirable output, and undesirable output are m, n, and j, s i m , s g n , and s b j are the slacks of inputs and desirable and undesirable outputs. This paper defines x k,m as inputs and defines y g k,n and y b k,j as the desirable and undesirable outputs respectively. λ k represents the vector for projecting the SOFEs.
Data Sources and Indicator Selection
In order to measure the eco-efficiency of SOFEs, it is important to choose both input and output indicators. In the production process, some factors help produce both the end-product and various levels of waste and emissions. We have constructed our input and output indicators according to the eco-efficiency evaluation criteria of the WBCSD [33] .
The research area is Northeast China and the DMUs are 87 SOFEs from five forestry groups. Because each SOFE is regarded as a DMU, land, labor, and capital are basic inputs. Data for land, labor, and the annual investment of SOFEs can be readily collected from the China Forestry Statistical Yearbook. The output indicators can be divided into desirable and undesirable outputs. According to Yang et al.'s research [23] , desirable outputs include total output and the sale value, both of which can also be accessed from the China Forestry Statistical Yearbook. According to Zheng et al.'s research [3] , undesirable outputs include effluent, exhaust, and solid-waste, all of which can be estimated using data from the China Statistical Yearbook on Environment and the China Forestry Statistical Yearbook.
The influence of price changes on the value indicators of the input and output indicator system was eliminated using the following steps. First, both fixed base-price indices (i.e., the fixed investment and production price indices) were calculated using the year 2003 as the base period. Second, capital investment was divided by the fixed investment fixed base-price index, and both the output value and sale were divided by the producer price fixed base-price index. Table 2 shows the descriptive statistics of the input and output indicators. 
Results
Analysis of the Eco-Efficiency of SOFEs from the Time Dimension
As shown in Figure 3 , the eco-efficiency, pure-technical efficiency, and scale efficiency of SOFEs in Northeast China had volatile, increasing and decreasing trend intervals from 2003 to 2016. However, in total, the eco-efficiency, pure-technical efficiency, and scale efficiency showed a downward trend. The eco-efficiency decrease was due primarily to pure-technical efficiency. These trends can be divided into five stages. The first stage is from 2003 to 2007. This stage's eco-efficiency, pure-technical efficiency, and scale efficiency showed a downward trend. The second stage is from 2008 to 2009, where eco-efficiency and scale efficiency showed an upward trend, but pure-technical efficiency showed a downward trend. The third stage is from 2010 to 2011. During this stage, eco-efficiency, pure-technical efficiency, and scale efficiency showed a downward trend. The fourth stage is from 2012 to 2013, where eco-efficiency and pure-technical efficiency showed an upward trend, but scale efficiency showed a downward trend. The fifth stage is from 2014 to 2016. This stage's eco-efficiency, pure-technical efficiency, and scale efficiency showed a downward trend. Since 1998, China's Natural Forest Protection Project (NFPP) undertook limited timber harvesting, strengthened forest tending, and protected natural forests. Since 2014, the Chinese government has been implementing a policy to stop the commercial logging of natural forests; this policy has had a significant impact on those SOFEs with a high proportion of secondary industry output value, and which were causing a substantial decline in both eco-and pure-technical efficiency. The average value of eco-efficiency, pure-technical efficiency, and scale efficiency was 0.576, 0.671, and 0.870, respectively. The distance to the efficient frontier within 42.4%, 32.9%, and 13% of the gap shows that the efficiency of SOFEs in Northeast China can improve dramatically. The eco-efficiency and pure-technical efficiency of SOFEs saw a downward trend because of the central government's increasing focus on forest protection and their efforts to reduce the amount of timber felled in natural forests. 
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Analysis of the Eco-Efficiency of SOFEs from the Spatial Dimension
The evaluation results in Table 3 show that the average eco-efficiency of all SOFEs in Northeast China was 0.576 during 2003-2016. The average eco-efficiency in JL, at 0.699, was the highest; LJ, GK, and CBM ranked second, third, and fourth, at 0.604, 0.581, and 0.570 respectively; IM ranked last, at 0.476. JL was the only listed company among the five forestry groups to employ a modern corporate governance structure, which has likely contributed to its having the highest eco-efficiency. From 2003 to 2016, the eco-efficiency of all SOFEs declined. The pure-technical efficiency was lower than scale efficiency, and the rate of decline of the former was faster than that of the latter. This indicates that pure-technical efficiency is a determinant of low and/or declining eco-efficiency. From 2003 to 2016, the eco-efficiency of each SOFE group declined, with a remarkable decline in all five forestry groups from 2015 to 2016, after the approval of a policy intended to stop commercial logging in natural forests.
A CV (Coefficient of Variation) in which the standard deviation is divided by the mean is the measurement for determining the relative variation of a distribution independent of the units. From 2003 to 2016, the CV of the eco-efficiency of all SOFEs ranged from 0.231 to 0.781; pure-technical efficiency ranged from 0.213 to 0.716; and scale efficiency ranged from 0.112 to 0.291. This means that all the regional differences in eco-efficiency, pure-technical efficiency, and scale efficiency grew. The regional increase in pure-technical efficiency was the primary cause of the regional increase in ecoefficiency. Table 3 shows the estimates of the eco-efficiency, pure-technical efficiency, and scale efficiency of five forestry groups in Northeast China. The evaluation results in Table 3 show that the average eco-efficiency of all SOFEs in Northeast China was 0.576 during 2003-2016. The average eco-efficiency in JL, at 0.699, was the highest; LJ, GK, and CBM ranked second, third, and fourth, at 0.604, 0.581, and 0.570 respectively; IM ranked last, at 0.476. JL was the only listed company among the five forestry groups to employ a modern corporate governance structure, which has likely contributed to its having the highest eco-efficiency. From 2003 to 2016, the eco-efficiency of all SOFEs declined. The pure-technical efficiency was lower than scale efficiency, and the rate of decline of the former was faster than that of the latter. This indicates that pure-technical efficiency is a determinant of low and/or declining eco-efficiency. From 2003 to 2016, the eco-efficiency of each SOFE group declined, with a remarkable decline in all five forestry groups from 2015 to 2016, after the approval of a policy intended to stop commercial logging in natural forests.
A CV (Coefficient of Variation) in which the standard deviation is divided by the mean is the measurement for determining the relative variation of a distribution independent of the units. From 2003 to 2016, the CV of the eco-efficiency of all SOFEs ranged from 0.231 to 0.781; pure-technical efficiency ranged from 0.213 to 0.716; and scale efficiency ranged from 0.112 to 0.291. This means that all the regional differences in eco-efficiency, pure-technical efficiency, and scale efficiency grew. The regional increase in pure-technical efficiency was the primary cause of the regional increase in eco-efficiency. Table 4 shows the classification of SOFEs' eco-efficiency (EE) grade, including the DEA Efficient, High Level, Medium Level, and Low Level. In order to analyze the spatial variation, we categorized the SOFEs into five varieties according to their eco-efficiency grade. During 2003-2016, the highest number of SOFEs were at the 'Medium Level', the second most were at the 'Low Level', the third most were at 'High Level', and the rest were 'DEA Efficient'. In 2003, most were 'Medium Level', then 'High Level', then 'DEA Efficient', and finally 'Low Level'. However, in 2016, most SOFEs were in the 'Low Level', followed by the 'Medium Level', 'DEA Efficient', and 'High Level'. This means that the grade of many SOFEs fell from 2003 to 2016. 
Conclusions and Policy Implications
This paper analyzed the eco-efficiency of SOFEs using the SBM-DEA model and took various undesirable outputs into account. Using the data of 87 SOFEs from five forestry groups, an empirical study was done to measure the eco-efficiency of such enterprises in Northeast China from [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . Above all, the results show that the average eco-efficiency, pure-technical efficiency, and scale efficiency of SOFEs were 0.576, 0.671, and 0.870 respectively, from 2003 to 2016. This means that SOFEs' low eco-efficiency was caused by low pure-technical efficiency. Moreover, the regional differences in eco-efficiency were significant and became larger. Among the five forestry groups considered, JL had the highest eco-efficiency and was the only listed company among them to have employed a modern corporate governance structure, which again may be the reason for it having the highest-rated eco-efficiency. Another important result is that the eco-efficiency of SOFEs declined from 2003 to 2016 due to the implementation of the NFPP, after which the output of timber from SOFEs decreased significantly. The growth of desirable outputs in and from SOFEs has made an impressive impact. Since 2015 in particular, the ban on commercial logging ban in natural forests has been in full effect, a policy that has had a dramatic effect on SOFEs. Finally, due to a relative lack of production factor inputs, most SOFEs are now in the stage of increasing scale returns. Liu et al. [22] argued that because the land area of SOFEs is not large enough, they are in a stage of increasing scale returns.
The specific policy proposals for the improvement of SOFEs in Northeast China and for achieving SDG 8 can be summarized as follows.
First, adhere to market-oriented reforms that encourage employing modern enterprise systems and separating forest administration from business operations wherever appropriate. The reforms also involve preserving the existing form of SOFEs and transferring all public and social service obligations to local governments. A market-oriented reform could stimulate the vitality of SOFEs and improve efficiency. In addition, the economic transition of SOFEs should be accelerated. In order to improve eco-efficiency, it is necessary to substantially reduce the dependence of SOFEs on secondary industries and accelerate the development of tertiary industries such as forestry tourism and forestry ecological service. Lastly, the industry scale of SOFEs should be expanded. As most SOFEs are currently in the stage of increasing scale returns, they should be encouraged, if not incentivized, to take the path of large-scale development. If these policy proposals are adopted, the eco-efficiency of SOFEs will be improved and their sustainable development promoted, which is beneficial for achieving SDG 8. This paper took into account the negative impact of SOFEs on the environment, such as effluent, exhaust and solid-waste, but ignored any positive impacts on the environment. In the future, we will pay attention to such positive impacts through new output indicators. 
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